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(54) WASHING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a washing method 
wherein a body to be washed, which is contaminated by a 
metal, is washed and cleaned without providing any damage 
to the body to be washed. 

SOLUTION: A cassette 30 for retaining the body to be 
washed is stored into a processing chamber 14 which is 
sealed thereafter, then, a supercritical carbon dioxide is 
introduced from a supplying source 20 into the processing 
chamber. Subsequently, a three-way valve 34 is adjusted to 
add a cleaning coagent, such as citric acid or the like, to the 
carbon dioxide with a predetermined adding rate through a 
supplying port 48. In this case, temperature in the 
processing chamber is controlled by a temperature control 
device 58 and an exhaust pressure valve 52 is opened when 
a pressure in the chamber becomes higher than a given 
value to discharge the carbon dioxide and the cleaning 
coagent via a discharging liquid separating device 54. The 
body to be washed is dipped into the carbon dioxide for a 
predetermined period of time to remove the heavy metallic 
contaminant and, thereafter, the supply of the washing coagent is stopped while dipping the body to 
be washed into the carbon dioxide as it is and only the carbon dioxide is supplied into the 
processing chamber as a rinse solution to discharge the washing coagent while thinning gradually 
the concentration of the washing coagent. Finally, the processing chamber is evacuated to 
discharge the carbon dioxide. 
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* NOTICES * 

JPO and NCIPI are not responsible for any damages caused by the use of this 
translation. 

l.This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 

[JP,2004-152925,A] 

CLAIMS 

[Claim(s)] 
[Claim 1] 

In the approach of washing the washed body by which metal contamination is carried 
out by supercritical fluid, 

The washing approach characterized by having the washing process which the 
supercritical fluid which added the organic acid or the chelating agent with the 
predetermined appending rate as a washing assistant is used as a penetrant remover, and 
the washed body is contacted to the supercritical fluid which added the washing 
assistant, and is washed. 
[Claim 2] 

The washing approach according to claim 1 characterized by having the process which 
gasifies supercritical fluid and dries the washed body following a washing process. 
[Claim 3] 

The rinse process which supplies only supercritical fluid and performs rinse washing to 
the washed body following a washing process, 

Subsequently, the process which supercritical fluid is gasified [ process ] and dries the 
washed body 

The washing approach according to claim 1 characterized by ****(ing). 
[Claim 4] 

In the approach of washing the washed body by which metal contamination is carried 
out by supercritical fluid, 

The process which uses 1 tub type washing / dryer which has washing/desiccation 
chamber of one tub, adds and supplies an organic acid or a chelating agent to 
supercritical fluid with a predetermined appending rate as a washing assistant at 
washing/desiccation chamber which holds the washed body, and washes the washed 
body, 
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Subsequently, the process which carries out rinse washing of the washed body, 
permuting the supercritical fluid which supplied only supercritical fluid to 
washing/desiccation chamber, and added the washing assistant by supercritical fluid, 
Subsequently, the process which supercritical fluid is gasified and removed [ process ] 
and dries the washed body 

The washing approach characterized by ****(ing) and performing washing processing 
and desiccation processing one by one within washing/desiccation chamber of one tub. 
[Claim 5] 

The washing approach given in any 1 term of claims 1-4 characterized by using a 
supercritical carbon dioxide as supercritical fluid. 
[Claim 6] 

The washing approach according to claim 5 characterized by dissolving a polar organic 
solvent in a supercritical carbon dioxide, and subsequently to a supercritical carbon 
dioxide pouring in a washing assistant solution. 
[Claim 7] 

The washing approach given in any 1 term of the claims 1-6 characterized by using a 
citric acid or a malic acid as an organic acid. 
[Claim 8] 

The washing approach given in any 1 term of the claims 1-7 characterized by using a 
diethylenetriamine pentaacetic acid (DTPA), triethanolamine (TEA), 1, 2-cyclohexane 
diamino tetraacetic acid (CDTA), a diethylene triamino 5 methylene phosphoric acid 
(DTPMP) and 1, 1, 1, 5 and 5, the 5-6 fluoride -2, or 4-2,4^>entanedione as a chelating 
agent. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the optimal washing approach for washing of the wafer which 
was formed with the application of the washed body polluted with metals, such as a 
tungsten, aluminum, and copper, especially CMP, or ECP and which embeds and has 
wiring in more detail about the washing approach. 
[0002] 

[Description of the Prior Art] 

At the process which forms metal wiring of semiconductor devices, such as a transistor, 
after forming the metal membrane for metal wiring formation conventionally, on a 
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metal membrane, the resist film is formed, patterning of the resist film is carried out, 
and an etching mask is formed. Then, a metal membrane is etched by the dry etching 
method from on an etching mask, and metal wiring is formed. 

Moreover, at the process which forms the metal plug which connects vertical wiring 
with the wiring structure of a semiconductor device, after forming the metal membrane 
for metal plug formation and embedding a contact hole on the insulator layer in which 
the contact hole was formed, etchback of the whole metal membrane surface is carried 
out, and the metal plug is formed. 
[0003] 

By the way, in case the metal membrane on an insulator layer is ground and removed 
henceforth [ a 0.18 micron device generation ] on the occasion of formation of 
embedding metal wiring and a metal plug as high integration of a device, high 
aspect^zation, etc. progress in recent years, they are chemical mechanical polishing 
(ChemicalMechanical Polishing : CMP) and electrolytic polishing (Electro Chemical 
Polishing). 

: It is coming to apply ECP. 
[0004] 

For example, in wiring formation of a semiconductor device, the so-called DAMASHIN 
process which grinds the metal layer on an insulator layer, removes by CMP or ECP, 
embeds, and forms metal wiring is used. 

a DAMASHIN process — first — reactive ion etching (RIE) — law etc. — Si02 on a 
wafer etc. — a layer insulation layer is etched and a wiring gutter is formed. 
Subsequently, metal membranes, such as aluminum film and a copper film, are formed 
by the CVD method, or a spatter or the galvanizing method all over a wafer, for 
example, a wiring gutter is embedded, CMP and ECP grind and remove the metal 
membrane on a layer insulation layer continuously, it embeds at wiring Mizouchi, and 
metal wiring is formed. 
[0005] 

Moreover, similarly formation of a metal plug has applied CMP first, Si02 etc. — a 
layer insulation layer — reactive ion etching (REE) — a connection hole is formed by law 
etc. Subsequently, for example, the titanium film, the titanium nitride film, the tantalum 
nitride film, etc. are formed all over a wafer including the porous wall of a connection 
hole as an adhesion layer with a spatter or a CVD method, for example, the tungsten 
film is continuously formed on an adhesion layer with a CVD method, and a connection 
hole is embedded. Subsequently, by CMP, the tungsten film and adhesion layer on a 
layer insulation layer are ground, and a metal plug is formed in a connection hole. 
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[0006] 

By the way, by the CMP method of the conventional metal membrane, since the 

polished surface of a metal membrane was washed after laying the wafer on the rotating 

polish plate (it is also called a platen) and grinding the metal membrane on a wafer 

using a slurry^ike abrasive material, there were the following problems. 

I hear that it is easy to generate a blemish (scratch) on that a lot of particle set to the 1st 

from the metallic oxide originating in an abrasive material slurry, a ceramic, etc. 

remains on a wafer front face, and a wafer front face, and it is shown in them. 

It is concern that metal contamination of the wafer front face is carried out with the 

metallic oxide contained in an abrasive material slurry the 2nd. If heavy metal 

contamination occurs on an interlayer insulation fdm or in an interlayer insulation film 

especially, since leak between wiring will be caused, it becomes a very serious problem. 

Also when the metal membrane on an interlayer insulation film is ground by ECP, the 

same heavy metal contamination poses a problem. 

[0007] 

On the other hand, for improvement in the speed of LSI, it is indispensable to reduce the 
capacity between wiring. Then, in order to reduce the capacity between wiring, the low 
dielectric constant film is used as an interlayer insulation film during wiring. 
Furthermore, in order to form the interlayer insulation film of much more a low 
dielectric constant, the attempt which makes porosity membraneous quality of not only 
selection of a film ingredient but an interlayer insulation film has accomplished. 
[0008] 

Here, how to use the porosity low dielectric constant film as an interlayer insulation 
film, embed according to a single DAMASHTN process with reference to drawing 5 , 
and form metal wiring and a metal plug is explained. It is a sectional view explaining 
each process at the time of the porosity low dielectric constant film being used for (c) 
from drawing 5 (a), and forming metal wiring and a metal plug according to a single 
DAMASHIN process. 

First, as shown in drawing 5 (a), through the etching mask layer 78, the porosity low 
dielectric constant film 80 is formed on the substrate film 76, and the contact hole 82 
and wiring gutter 84 which are arrived at subsequently to the substrate film 76 at the 
low dielectric constant film 80 are formed. 

Subsequently, as shown in drawing 5 (b), the metal membrane 88 for metal plug 
formation is continuously formed the reaction prevention layer 86 and formed in the 
wall of a contact hole 82 and a wiring gutter 84 on the low dielectric constant film 80, 
and a contact hole 82 and a wiring gutter 84 are embedded. 
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Subsequently, as shown in drawing 5 (c), while giving CMP, grinding a metal 
membrane 88 and exposing the low dielectric constant film 80, the metal plug 90 and 
the embedding wiring 92 are formed. 
[0009] 

By the way, as shown after CMP at drawing 5 (c), the heavy-metal-contamination object 
93 produced from the abrasive material slurry of metal membrane residue or CMP is 
generated on the low dielectric constant film 80 or in the low dielectric constant film 80. 
If it produces commercially while metal contamination of the low dielectric constant 
film 80 had been carried out with these heavy^netal-contamination objects 93, since 
leak between wiring etc. will occur, it is required to remove the 
heavy^netal-contamination object 93 and to defecate the low dielectric constant film 80. 
[0010] 

Moreover, in case it embeds according to a dual DAMASHIN process and wiring is 
formed, as shown in drawing 6 (a), the 1st porosity low dielectric constant film 96, the 
1st etching mask layer 98, the 2nd porosity low dielectric constant film 100, and the 2nd 
etching mask layer 102 are formed one by one on the substrate film 94. Then, the 
contact hole 104 which reaches the substrate film 94, a contact hole 106, and a wiring 
gutter 108 are formed using the etching mask formed from the 1st etching mask layer 98 
and the 2nd etching mask layer 102. Subsequently, the reaction prevention layer 110 is 
formed in the wall of contact holes 104 and 106 and a wiring gutter 108. 
As shown in drawing 6 (b), the metal membrane 112 for wiring and metal plug 
formation is formed on the 2nd etching mask layer 102, and contact holes 104 and 106 
and a wiring gutter 108 are embedded. 

Subsequently, as shown in drawing 6 (c), while giving and grinding CMP in a metal 
membrane 112 and the 2nd etching mask layer 102 and exposing the 2nd porosity low 
dielectric constant film 100, the metal plugs 114 and 116 and the embedding wiring 118 
are formed. 
[0011] 

By the way, as shown after CMP at drawing 6 (c), the heavy-metal-contamination object 
120 produced from metal membrane residue or an abrasive material slurry is generated 
on the 2nd porosity low dielectric constant film 100 or in the film. 

If it produces commercially while metal contamination had been carried out with these 
heavy-metal-contamination objects, since leak between wiring etc. will occur, it is 
required to remove a heavy-metal-contamination object and to defecate the 2nd porosity 
low dielectric constant film 100. 

In addition, it is a sectional view explaining each process at the time of the porosity low 
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dielectric constant film being used for (c) from drawing 6 (a), respectively, and forming 

metal wiring and a metal plug according to a dual DAMASHIN process. 

[0012] 

Although these heavy^netal-contamination object had to be removed in order to 
manufacture LSI devices which are not produced, such as leak between wiring, as stated 
above, there were the following problems which should be solved on that occasion. 
Usually, in removing heavy metal, wet washing using water is performed as wash water, 
and, subsequently it is dry. However, since the differential pressure of the pressure of a 
penetrant remover and atmospheric pressure occurs in a gas4iquid interface when 
penetrant removers, such as water with large surface tension, frequent the hole of the 
porosity low dielectric constant film on the occasion of washing, the hole of the porosity 
low dielectric constant film is crushed, membraneous quality changes, and the dielectric 
constant of the low dielectric constant film becomes high in many cases. Now, the 
effectiveness which uses the porosity low dielectric constant film declines. 
[0013] 

What is necessary is to use a fluid with small surface tension and just to do 
washing/desiccation of, in order to make it a hole not crushed. For example, although 
the surface tension of water is about 72 dyn/cm, since the surface tension of a methanol 
is about 23 dyn/cm, after carrying out backwashing by water rather than it makes it dry 
immediately after carrying out backwashing by water, a methanol permutes water and 
the direction subsequently dried tends to suppress change of the membraneous quality 
of the low dielectric constant film. 

However, since it is not so small as the surface tension of a methanol can also be 
disregarded, a hole is crushed to some extent. Therefore, change of membraneous 
quality cannot be prevented completely and it does not become a perfect problem 
solving. 
[0014] 

It is drying after it makes it dry after washing using the fluid whose surface tension is 
zero as a rinse or carrying out a rinse with such a liquid, in order to make it the hole of 
the porosity low dielectric constant film not crushed, or surface tension permutes a rinse 
by the fluid of zero. 

Surface tension can mention supercritical fluid as a fluid of zero. A supercritical 
condition is one of the condition phases which the matter takes under the critical 
temperature of a proper, and the critical pressure to the matter, and supercritical fluid 
means the fluid in a supercritical condition. 

While the solvent power of supercritical fluid over other liquids and solid-states is 



6 



almost equivalent to the fluid of a liquid condition, the viscosity is remarkably small 
and it has the unique property in which a diffusion coefficient is very large. If it puts in 
another way, it can be said to be a liquid with a gaseous property. 

Therefore, since supercritical fluid does not form a gas^iquid interface, surface tension 
becomes zero. Then, if the washed body is dried in the state of supercritical, since 
surface tension does not exist, the differential pressure by generating of a gas-liquid 
interface will be produced at all. 
[0015] 

Since supercritical fluid will be promptly gasified if a pressure turns into below the 
critical pressure, after washing using supercritical fluid, supercritical fluid can be easily 
emitted by decompressing. 

Therefore, after the porosity low dielectric constant film washes the substrate exposed 
to a front face, After washing by the penetrant remover directly from a penetrant 
remover and carrying out a rinse by the rinse subsequently Or after carrying out a rinse 
and another liquid permutes a rinse, the liquid adhering to a substrate is easily 
removable by contacting the substrate to which the penetrant remover, the rinse, or 
another liquid has adhered to the supercritical fluid in a proof-pressure container, and 
dissolving these liquids in supercritical fluid. 

Subsequently, a substrate can be picked out from a proof-pressure container in 
atmospheric air by reducing the pressure in a proof-pressure container below to the 
critical pressure, maintaining the temperature in a proof-pressure container more than 
critical temperature, and gasifying supercritical fluid. 

Since the surface tension of supercritical fluid is very small, in case supercritical fluid is 
removed from a substrate front face, the stress given to the microstructure of a wafer, 
for example, the hole of a pattern or the porosity low dielectric constant film, with the 
surface tension is extent which can be disregarded. As [ arise / therefore, / on the 
porosity low dielectric constant film / deterioration ] (JP,2000-154273,A) 
[0016] 

Many matter with which it is checked as supercritical fluid that it will be in supercritical 
conditions, such as a carbon dioxide, ammonia, water, alcohols, aliphatic saturated 
hydrocarbon of low molecular weight, benzene, and diethylether, can be used. 
In these matter, without putting that handling is easy and the washed body to an 
elevated temperature, washing / since it says that it can dry, the carbon dioxide with the 
supercritical temperature near 31.3 degrees C and a room temperature is one of the 
matter desirable as a penetrant remover. 
[0017] 
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[Patent reference 1] 
JP,10-135170,A ( drawing 1 ) 
[Patent reference 2] 

The patent No. 2574781 official report ( drawing 1 ) 
[0018] 

[Problem(s) to be Solved by the Invention] 

However, there were the following problems in the conventional washing approach by 
the supercritical carbon dioxide. 

Since the solubility of a supercritical carbon dioxide is a property like a non^>olar 
organic solvent, there is selectivity in the dissolution engine performance of a 
supercritical carbon-dioxide simple substance the 1st. Therefore, although dissolution 
removal of dissolution removal of the low-molecular organic substance, fats and oils, a 
wax, etc. is possible, it is the problem that a cleaning effect is low to removal of metal 
contaminations, such as a metal metallurgy group oxide of ionicity. 
In order for lift off to remove a heavy-metal contamination in the 2nd, when the 
chemical which has the etching force to a supercritical carbon dioxide, and the chemical 
which has oxidizing power are added, the membrane structure of the porosity low 
dielectric constant film is the problem that etch thru/or oxidize, change and a dielectric 
constant becomes high. Moreover, it embeds, wiring is also etched, wiring resistance 
increases, and there is also a problem formed in the porosity low dielectric constant film 
of causing wiring delay. 

Thus, it was difficult to be able to remove a heavy-metal-contamination object certainly, 
holding membraneous quality and membrane structure by the washing approach by the 
conventional supercritical carbon dioxide without changing the membraneous quality of 
the porosity low dielectric constant film. 
[0019] 

Then, the purpose of this invention is offering the washing approach which washes and 
purifies the washed body by which metal contamination was carried out, without doing 
damage to the washed body. For example, when it is what the washed body embeds in 
the porosity low dielectric constant film, and has wiring, It is washing and purifying the 
washed body which was formed in the porosity low dielectric constant film and by 
which metal contamination was carried out, without having embedded and doing 
damage to wiring, without changing the membraneous quality of the porosity low 
dielectric constant film, membrane structure, etc. 
[0020] 

[Means for Solving the Problem] 
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In order that this invention person may solve the above^nentioned purpose, in case a 
supercritical carbon dioxide washes the washed bodies by which metal contamination 
was carried out, such as porosity low dielectric constant film after CMP, in the process 
which continued research It found out that a heavy^netal-contamination object could be 
washed and removed certainly, and the washed body could be dried by carrying out 
minute amount addition of an organic acid or the chelating agent as a washing assistant 
beforehand at supercritical fluid, for example, a supercritical carbon dioxide, and 
carrying out washing processing of the washed body using it as a penetrant remover. 
[0021] 

Since the permeability to the detailed section is higher than a liquid, supercritical fluid 
can be easy to accompany an organic acid or a chelating agent to between fine structure 
objects, such as a hole of the porosity low dielectric constant film, and a 
heavy^netal-contamination object, thereby, can catch a heavy^netal-contamination 
object, and can make it remove. Moreover, since the consistency is higher than a gas, 
supercritical fluid can remove the removed heavy^netal-contamination object easily, 
and can flush it. 

Since the washing assistant is used, it does not arise that it is not necessary to add the 
chemical which has an etching operation, a wiring metallic material is eaten away like 
before, and wiring resistance increases. 
[0022] 

In the approach of washing the washed body with which metal contamination of the 
washing approach (henceforth the 1st invention approach) concerning this invention is 
carried out based on above-mentioned knowledge in order to attain the 
above-mentioned purpose by supercritical fluid, 

It is characterized by having the washing process which the supercritical fluid which 
added the organic acid or the chelating agent with the predetermined appending rate as a 
washing assistant is used as a penetrant remover, and the washed body is contacted to 
the supercritical fluid which added the washing assistant, and is washed. 
[0023] 

In the suitable embodiment of this invention approach, it has the process which gasifies 

supercritical fluid and dries the washed body following a washing process. 

Moreover, in the another suitable embodiment of this invention approach, it has the 

rinse process which supplies only supercritical fluid and performs rinse washing to the 

washed body, and the process which subsequently gasifies supercritical fluid and dries 

the washed body following a washing process. 

[0024] 
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In the approach of washing the washed body with which metal contamination of the 
washing approach (henceforth the 2nd invention approach) concerning this invention 
which uses 1 tub type washing / dryer which has washing/desiccation chamber of one 
tub is carried out by supercritical fluid, 

The process which uses 1 tub type washing / dryer which has washing/desiccation 
chamber of one tub, adds and supplies an organic acid or a chelating agent to 
supercritical fluid with a predetermined appending rate as a washing assistant at 
washing/desiccation chamber which holds the washed body, and washes the washed 
body, 

Subsequently, the process which carries out rinse washing of the washed body, 
permuting the supercritical fluid which supplied only supercritical fluid to 
washing/desiccation chamber, and added the washing assistant by supercritical fluid, 
Subsequently, the process which supercritical fluid is gasified and removed [ process ] 
and dries the washed body 

j t **** an( j i s characterized by performing washing processing and desiccation 

processing one by one within washing/desiccation chamber of one tub. 

[0025] 

It dissolves in supercritical fluid, such as a supercritical carbon dioxide, good, and the 
conditions of the organic acid which can be used as a washing assistant, or a chelating 
agent are stable under the pressure beyond the critical condition of supercritical fluid, 
and temperature. 

As an organic acid which can be used as a washing assistant by the 1st and 2nd 
invention approaches, although there are oxalic acid, a malonic acid, a citric acid, a 
succinic acid, a malic acid, etc., a citric acid and a malic acid are desirable as an organic 
acid which is stabilized and catches especially a heavy-metal-contamination object 
certainly. 
[0026] 

moreover, as a chelating agent which can be used by the 1st and 2nd invention 
approaches Ethylenediaminetetraacetic acid (EDTA), a diethylenetriamine pentaacetic 
acid (DTPA), The transformer-cyclohexane -1, 2-diamine tetraacetic acid (CyDTA), 
Nitrilotriacetic acid (NTA), an IMINONI acetic acid (IDA), TORIETANO, RUAMIN 
(TEA), 1, 2-cyclohexane diamino tetraacetic acid (CDTA), They are a diethylene 
triamino 5 methylene phosphoric acid (DTPMP), a hydroxyethyl NIRIN acid (HEDP), 
an acetylacetone derivative, 1, 1, 1, 5 and 5, the 5-6 fluoride -2, 4-2,4-pentanedione, etc. 
Especially the chelating agent that is stabilized and catches a heavy-metal 
contamination certainly is a diethylenetriamine pentaacetic acid (DTPA), 
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triethanolamine (TEA), 1, 2-cyclohexane diamino tetraacetic acid (CDTA), a diethylene 
triamino 5 methylene phosphoric acid (DTPMP) and 1, 1, 1,5 and 5, the 5-6 fluoride -2, 
or 4-2,4-pentanedione. 
[0027] 

It may be hard to dissolve an above-mentioned organic acid or an above-mentioned 
chelating agent in a non^jolar solvent like a supercritical carbon dioxide. When it is 
hard to dissolve, even if it mixes an above-mentioned organic acid or an 
above-mentioned chelating agent directly to a supercritical carbon dioxide, it is difficult 
to demonstrate the washing engine performance to the heavy-metal-contamination 
object of an organic acid or a chelating agent. 

Then, by adding to supercritical fluid by making a polar organic solvent into a 

compatible agent, an organic acid or a chelating agent can be stabilized and dissolved in 

a supercritical carbon dioxide at the pressure and temperature beyond a critical 

condition, a complexing operation or a chelate effect can be demonstrated, and the 

washing engine performance of a supercritical carbon dioxide can be raised. 

The addition to the supercritical fluid of a polar organic solvent is 30% or less 10% or 

more. 

[0028] 

As such a polar organic solvent, a methanol, ethanol, isopropanol, Alcohols, such as 
ethylene glycol and a glycerol, an acetone, a methyl ethyl ketone, Lactone, such as 
ketones, such as methyl isopropyl ketone, and gamma-butyrolactone Nitril, such as ester, 
such as methyl lactate and ethyl lactate, an acetonitrile, and N-methyl pyrrolidine 
Ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, A diethylene 
glycol, the diethylene-glycol monomethyl ether, Diethylene glycol monoethyl ether, the 
triethylene glycol monomethyl ether, Sulfoxides, such as sulfones, such as ether, such as 
diethylene-glycol wood ether and dipropylene glycol wood ether, and a sulfolane, and 
dimethyl sulfoxide, are mentioned. In these, ether, such as the diethylene-glycol 
monomethyl ether, diethylene glycol monoethyl ether, and dipropylene glycol 
monomethyl ether, is used especially suitably. 
[0029] 

Since a washing assistant has critical temperature and the critical pressure higher than a 
carbon dioxide when using a carbon dioxide as supercritical fluid, in the critical 
temperature and the critical pressure of an interflow object with a supercritical carbon 
dioxide, the critical temperature and the critical pressure of a carbon dioxide become 
high. 

Then, it is desirable to hold the temperature and the pressure of a supercritical carbon 
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dioxide highly to 40 degrees C and 10MPa(s), respectively so that a washing assistant 
may dissolve to a supercritical carbon dioxide well. 

the concentration of an organic acid or a chelating agent — 40 degrees C and the 
supercritical carbon dioxide of 8MPa - less than [ more than 0.01mol%2mol% ] - it is 
a density range not more than more than 0.05mol%lmol% preferably. When an organic 
acid or chelating agent concentration is lower than 0.01^mol%, it is difficult to remove a 
heavy-metal-contamination object completely, and when higher than two-mol%, an 
organic acid or a chelating agent does not dissolve into a supercritical carbon dioxide, 
but there is a possibility of depositing on the washed body. 
[0030] 

[Embodiment of the Invention] 

With reference to an accompanying drawing, the example of an operation gestalt is 
given to below, and the gestalt of operation of this invention is explained to it at 
concrete and a detail. 
The example 1 of an operation gestalt 

This example of an operation gestalt is an example of the operation gestalt of the 
washing approach concerning the 1st and 2nd invention approaches, and drawing 1 R> 
1 is a flow sheet which shows the configuration of washing/dryer used in case the 
approach of this example of an operation gestalt is enforced. 

First, with reference to drawing 1 , the configuration of washing/dryer used in case the 
approach of this example of an operation gestalt is enforced is explained. Washing / 
dryer 10 is washing/dryer of the batch type which carries out washing/desiccation 
processing of the washed body like the wafer which has the low dielectric constant film 
by which heavy metal pollution was carried out as shown in drawing 5 (c) and drawing 
6(c). 

The chamber 16 which washing / dryer 10 has opening 12 in the upper part as shown in 
drawing 1 , and has the processing room 14 which contains the washed body W by 
which carrying4n appearance is carried out through opening 12 inside, The lid 18 which 
seals opening 12, and the fluid source of supply 20 which supplies a processing fluid to 
the processing room 14, A fluid supply means to introduce a processing fluid in the 
processing room 14 from the fluid source of supply 20, It has a washing assistant supply 
means to add a washing assistant in a processing fluid from the washing assistant source 
of supply 22, a polar organic solvent supply means to add a polar organic solvent in a 
processing fluid from the polar organic solvent source of supply 24, and a fluid 
discharge means to discharge the processing fluid with which processing of the washed 
body was presented from the processing room 14. 
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[0031] 

A processing fluid means the supercritical fluid used as a penetrant remover which 
removes the heavy^netal -contamination object of the washed body W. Moreover, a 
washing assistant means an organic acid or a chelating agent. In addition, the 
supercritical fluid which added the washing assistant may be called processing fluid. 
In this example of an operation gestalt, a supercritical carbon dioxide is used as 
supercritical fluid. 
[0032] 

Carrying^n appearance of the washed body W is carried out to the processing room 14 
through opening 12. Between the opening edge of the opening 12 of the processing 
room 14, and the lid 18, O ring 26 is arranged as a seal member so that opening 12 can 
be sealed with a lid 18. With the bolting implements 28, such as ****, a lid 18 is 
connected with the processing room 14, and seals the processing room 14. That is, the 
interior of the processing room 14 can be changed into the condition of having been 
sealed completely, by binding the lid 18 through O ring 26 tight, and binding tight with 
an ingredient 28. 

Moreover, inside the processing room 14, the washed body maintenance cassette 30 for 

laying and holding two or more washed bodies W can be arranged. 

[0033] 

A fluid supply means consists of the pressure and a temperature control means 32 to 
control a processing fluid to a predetermined pressure and predetermined temperature, a 
cross valve 34, and a fluid supply port 36 arranged in the processing room 14, and 
introduces the processing fluid controlled by the pressure and the temperature control 
means 32 by a predetermined pressure and temperature through the cross valve 34 and 
the fluid supply port 36 from the fluid source of supply 20 in the processing room 14. 
The pressure and the temperature control means 32 consist of [ temperature ] in-line 
heaters which carry out a temperature up in the booster pump and processing fluid 
which carry out the pressure up of the processing fluid. 
[0034] 

The washing assistant supply means 38 is equipped with a pump etc., and supplies a 
washing assistant to a processing fluid by the supply line 42 through the closing motion 
valve 40 from the washing assistant source of supply 22. 

The polar organic solvent supply means 44 is equipped with a pump etc., and supplies a 
polar organic solvent to a processing fluid by the supply line 40 through the closing 
motion valve 46 from the polar-solvents source of supply 24. 

It connects with the cross valve 34 equipped with the feed hopper 48, and a supply line 
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42 adds the polar organic solvent or washing assistant of the specified quantity in a 
processing fluid through the fluid supply port 36 by opening adjustment of a cross valve 
34. 

[0035] 

The fluid discharge means consists of a fluid discharge port 50 established in the 
processing room 14, an exhaust-gas^ressure valve 52, and an effluent liquor decollator 
54 connected to the fluid discharge port 50 through the exhaust-gas^)ressure valve 52. 
[0036] 

The exhaust-gas-pressure valve 52 will be opened if the internal pressure of the 
processing room 14 becomes more than a setting pressure, and it has the function which 
discharges the processing fluid introduced in the processing room 14. That is, the 
exhaust-gas-pressure valve 52 can maintain the pressure in the processing room 14 at a 
predetermined pressure. 

The effluent liquor decollator 54 is vapor4iquid-separation equipment, and the 
discharged supercritical carbon dioxide (a washing assistant is included) is divided into 
a gas component and a liquid component by reducing a pressure to atmospheric pressure. 
A supercritical carbon dioxide evaporates a gas component and it is recovered by the 
gas recovery system (not shown) as exhaust gas. A washing assistant etc. is separated as 
a liquid and liquid components are collected as effluent liquor. 

The collected exhaust gas is a carbon dioxide etc. and can also be reused. Moreover, the 

collected effluent liquor is reusable similarly. 

[0037] 

Furthermore, the side attachment wall of a chamber 16 is equipped with a heating 
means 56 to heat the processing fluid introduced in the processing room 14, and to hold 
to predetermined temperature. 

The heating means 56 is equipped with the temperature controller 58 which consists of 
heating media like heating wire, controls the power supplied to heating wire from the 
power source (not shown) prepared in the exterior of the processing room 14, and 
controls the temperature of the heating means 56 to predetermined temperature. 
[0038] 

Although this washing / dryer 10 is equipment which washes two or more washed 
bodies W by the batch type, washing/dryer of single-wafer-processing processing are 
also the same configuration as this washing / dryer 10, and a process flow 
fundamentally, and although it ends with a small processing room, a throughput falls. 
[0039] 

Next, how to follow the approach of this example of an operation gestalt using 
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above-mentioned washing / dryer 10, and wash / dry the washed body W is explained. 
In this example of an operation gestalt, as the washed body W shows drawing 5 (c) or 
drawing 6 (c), it is the wafer which has the laminated structure by which heavy metal 
contamination was carried out, and a methanol is used as an organic acid, for example, a 
citric acid, and a polar organic solvent as a washing assistant. 
[0040] 

First, the washed body maintenance cassette 30 which held two or more washed bodies 
W from the opening 12 of the processing room 14 is contained in the processing room 
14. Then, a lid 18 is shut, the processing room 14 is changed into a sealing condition, 
and a supercritical carbon dioxide is introduced in the processing room 14 from the 
processing fluid source of supply 20. 
[0041] 

If 7.38 or more MPas are pressurized and a carbon dioxide is heated at 31.1 degrees C 
or more on the occasion of installation, since it will be in a supercritical condition, the 
pressure up of the pressure is preferably carried out for a carbon dioxide to 10MPa(s) 
with a pressure and the temperature control means 32 from the processing fluid source 
of supply 20 at 7.38 or more MPas, the temperature up of the temperature is preferably 
carried out to 40 degrees C, and it is introduced into 31.1 degrees C or more in the 
processing room 14 through a supply port 36. 

To coincidence, the supercritical carbon dioxide introduced in the processing room 14 
by the heating means 56 is heated, and the temperature of the supercritical carbon 
dioxide in the processing room 14 is maintained at 40 degrees C with a temperature 
controller 58 at it. 

A supercritical carbon dioxide is maintained to the temperature of 40 degrees C, and the 
pressure of lOMPa for raising the solubility of a washing assistant and raising the 
washing engine performance of a supercritical carbon dioxide. 
[0042] 

With installation of a supercritical carbon dioxide, opening of the opening of a cross 
valve 34 is adjusted and carried out, and a washing assistant is added from the washing 
assistant source of supply 22 with a predetermined appending rate to a supercritical 
carbon dioxide through a feed hopper 48. In this example of an operation gestalt, an 
appending rate is 1 % of the weight. 
[0043] 

A temperature controller 58 performs temperature control of a supercritical carbon 
dioxide. If the internal pressure of the processing room 14 becomes more than a 
constant pressure, the exhaust-gas-pressure valve 52 will open and a supercritical 
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carbon dioxide and a washing assistant will be discharged out of a system via the 
effluent liquor decollator 54. 

Thus, it is possible to keep constant the pressure in the processing room 14 and 
temperature by discharging suitably the supercritical carbon dioxide with which it filled 
up in the processing room 14. 

the supercritical carbon dioxide which added the washing assistant - the washed body 
W - predetermined time — for example, it is immersed for 10 minutes and a 
heavy-metal-contamination object is removed. Subsequently, while the washed body W 
had been made immersed in the supercritical carbon dioxide which added the washing 
assistant, the closing motion valve 40 is stopped, supply of a washing assistant is 
suspended, only a supercritical carbon dioxide is supplied to the processing room 14 as 
a rinse, and a washing assistant is discharged, thinning washing assistant concentration 
gradually. It is separated by the effluent liquor decollator 54 and recovery playback of 
the mixed waste fluid of a carbon dioxide and a washing assistant is carried out if 
needed. 
[0044] 

Then, the pressure of the processing room 14 is lowered, and if a carbon dioxide is 
discharged and it cools, the washed body W will be fulfilled by the gaseous carbon 
dioxide, and will be dried. In supercritical drying, a pressure is decompressed to 
atmospheric pressure, holding temperature at 31.1 degrees C or more, after holding 
temperature at 40 degrees C, holding a pressure to 10MPa(s) and washing, when a 
carbon dioxide is used, for example as supercritical fluid. Then, temperature is lowered 
from 31.1 degrees C or more to a room temperature, for example, 20 degrees C. 
By this, the washed body W in the processing room 14 will be in dryness. Thus, it 
becomes possible to make it dry, without destroying the fine structure of the washed 
body W which has the fine structure like the hole of the porosity low dielectric constant 
film by passing through supercritical drying. 

By passing through the above process, the heavy-metal-contamination object adhering 
to the washed body W can be removed, and the pure washed body W can be acquired. 
[0045] 

The example 1 of an experiment 

Cu atoms are 1013 atom/cm2 before washing as an example 1 of an experiment. When 
washing/desiccation processing of the wafer which has the laminated structure shown in 
drawing 6 (c) which was carrying out extent adhesion is carried out by the approach of 
this example of an operation gestalt, as it is shown in drawing 2 , it is the coating weight 
of Cu atom of a wafer 1010 atom/cm2 It could decrease to extent and sufficient 



16 



heavy-metal-contamination removal was able to be attained. 

When a washing assistant was not added but washing/desiccation processing of the 
same wafer as the example 1 of an experiment was carried out by using only a 
supercritical carbon dioxide as a processing fluid as an example of a comparison, the 
coating weight of Cu atom of a wafer is 1012 atom/cm2. It is extent and the coating 
weight of Cu atom was almost changeless washing before. 
[0046] 

The example 2 of an experiment 

Moreover, it is after washing, the structure before wiring layer membrane formation 
(presentation) was investigated using infrared absorption spectrometry, and the 
presentation change before and behind washing was indicated to be the structure before 
washing of the porosity low dielectric constant film when washing the porosity low 
dielectric constant film before wiring layer membrane formation by the washing 
approach of the example 1 of an operation gestalt (presentation) shown in drawing 6 (a) 
to drawing 3 . 

The wave number (cm-1) of an infrared absorption spectrum is taken along a horizontal 
axis, it takes an absorbance (arbitration graduation) along an axis of ordinate, and 
drawing 3 shows the graph which shows the relation between the wave number (cm-1) 
of the infrared absorption spectrum before washing on the upper case, and an 
absorbance, and the graph which shows the relation between the wave number (cm-1) of 
the infrared absorption spectrum after washing in the lower berth, and an absorbance. In 
addition, although the absorbance before and behind washing is the same, in order to 
show the location of the peak wave number clearly, it dissociates up and down and it is 
displayed. 
[0047] 

Si-O, Si-H, Si-OH, Si-CH3 which are before and after washing and constitute the 
porosity low dielectric constant film so that drawing 3 may show Change was not 
looked at by association of C-H etc. Therefore, since are before and after washing and 
presentation change has not arisen, i.e., it is before and after washing and is changeless 
in the structure of the low dielectric constant film, it can be judged that that a hole is 
crushed and a dielectric constant changes has not arisen. 

Without it seeming that the porosity low dielectric constant film passes a gas-liquid 
interface, and the porous hole was crushed on the occasion of washing and desiccation 
like before since the gas-liquid interface was not generating to a supercritical carbon 
dioxide so that the examples 1 and 2 of an experiment might show, the 
heavy^netal-contamination object was removed and it has checked that it could be 
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made to dry. 
[0048] 

In addition, if the closing motion valve 46 is opened wide and it pours into supercritical 
fluid via the supply line 42 and the cross valve 34 from the polar organic solvent source 
of supply 24 with the polar-solvents supply means 44 before pouring a washing 
assistant into a supercritical carbon dioxide, the solubility of a washing assistant can be 
raised further. The addition ratio of a polar organic solvent is 20% or less more than 
per %. 
[0049] 

Although chemical mechanical polishing (Chemical Mechanical PolishingiCMP) was 
made into the example and explained as the polish approach of a metal membrane, as 
the polish approach, it is not restricted only to CMP. For example, the heavy metal 
contamination generated in electrolytic polishing (Electro Chemical Polishing : ECP) 
etc. can be similarly removed by the washing approach of this invention, without 
changing the structure of the porosity low dielectric constant film. 
[0050] 

Although the wafer equipped with the wiring structure using the porosity low dielectric 
constant film formed by the production process of LSI as the washed body is made into 
the example by the approach of this example of an operation gestalt, it is applicable also 
like many of microstructures of others which are formed by the production process of 
LSI. 

moreover — when it is the micro machine which has the moving part which consists of 
Ayr bridge structure and the approach of this example of an operation gestalt was 
applied by use as the wash body that by which heavy metal contamination was carried 
out , without the Ayr bridge front face is eat away like before after washing — moreover , 
the substrate of the Ayr bridge — also stick — it checked that there was nothing and a 
heavy metal contamination object could be removed . 
[0051] 

The example 2 of an operation gestalt 

Although washing/desiccation processing of the washed body by which is the wafer 
which embedded on the porosity low dielectric constant film, and prepared wiring, and 
heavy metal contamination was carried out is carried out in the example 1 of an 
operation gestalt, this invention approach is applicable also to the washed bodies other 
than these. 

This example of an operation gestalt is an example of an operation gestalt which applied 
the washing approach concerning the 1st and 2nd invention approaches to weak 
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washing of the electrode structure of structure which has the pattern of a high aspect 
ratio shown in drawing 4 prepared in the large-scale integrated circuit. It is the sectional 
view of each process at the time of (c) forming electrode structure from drawing 4 (a), 
respectively. 

In this example of an operation gestalt, as shown in drawing 4 (a), after forming an 
insulator layer thin as the 1st layer 64 on the Si substrate 62 first, one by one, the 2nd 
layer (insulator layer) 66, the 3rd layer (metal membrane) 68, and the 4th layer 
(insulator layer) 70 are formed, and a laminated structure is formed. 
The resist film is applied on the 4th layer 70, photolithography processing is performed, 
and the resist mask 72 is formed. 

Then, the 4th layer 70, the 3rd layer 68, and the 2nd layer 64 are etched by the dry 
etching method from on the resist mask 72, and as shown in drawing 4 (b), the electrode 
structure 74 of the detailed pattern which consists of the 3rd layer (metal membrane) 68 
is formed on the 1st layer 64 of the Si substrate 62. 
[0052] 

By the way, since the etch residue and the heavy-metal-contamination object have 
adhered to the side attachment wall of the 2nd layer 64 and the 3rd layer 68 as shown in 
drawing 4 (b), it is necessary to remove. 

Although the residue of an organic component like resist material is removable at a 
resist removal process, a heavy^netal-contamination object is unremovable. Then, 
although it is necessary to wash and remove a heavy-metal-contamination object apart 
from a resist removal process, in washing by the usual penetrant remover, the aspect 
ratio of a pattern is large and the pattern of the electrode structure 74 collapses. 
Then, without collapsing a detailed pattern by using washing / dryer 10, adding an 
organic acid or a chelating agent as a washing assistant to supercritical fluid, for 
example, a supercritical carbon dioxide, like the example 1 of an operation gestalt, and 
carrying out washing processing of the electrode structure 74, as shown in drawing 4 (c), 
the detailed electrode structure 74 which removed the heavy^netal-contamination object 
can be formed. 
[0053] 

[Effect of the Invention] 

By having the washing process which the supercritical fluid which added the organic 
acid or the chelating agent with the predetermined appending rate as a washing assistant 
is used as a penetrant remover, and the washed body is contacted to the supercritical 
fluid which added the washing assistant, and is washed according to the 1st invention 
approach Without damaging the fine structure of the washed bodies, such as a hole of 
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the porosity low dielectric constant film, according to a metal prehension operation of 
an organic acid or a chelating agent, a heavy-metal-contamination object can be washed 
and removed certainly, and the washed body can be dried. 

Moreover, a heavy-metal-contamination object can be washed and removed, without 
doing damage to a microstructure, also when the 1st and 2nd invention approaches are 
applied to washing of the washed body which consists of a microstructure of a beam 
configuration like the Ayr bridge of a micro machine, or a cantilever. 
According to the 2nd invention approach, batch processing of washing of the washed 
body polluted with the heavy-metal-contamination object, purification, and the 
desiccation can be carried out with washing/dryer of 1 tub type. 

Moreover, by the 1st and 2nd invention approaches, since it is not necessary to add the 
chemical which has an etching operation or the oxidation, it embeds [ which was 
formed in the porosity low dielectric constant film, for example ], wiring is eaten away, 
and the problem of wiring resistance going up does not arise. 
[Brief Description of the Drawings] 

[Drawing 11 It is the flow sheet which shows the configuration of washing/dryer used in 
case the approach of the example 1 of an operation gestalt is enforced. 
[Drawing 21 Drawing 2 is a bar graph which shows the result of having carried out 
counting of the number of the heavy-metal contaminations before and behind washing 
of the washed body in the example 1 of an experiment, and the example of a 
comparison (particle). 

[Drawing 31 The wave number (cm-1) of an infrared absorption spectrum is taken along 
a horizontal axis, an absorbance (arbitration graduation) is taken along an axis of 
ordinate, and the graph which shows the relation between the wave number (cm-1) of 
the infrared absorption spectrum before washing and after washing and an absorbance to 
an upper case and the lower berth, respectively is shown. 

[Drawing 41 It is the sectional view of each process at the time of (c) forming electrode 
structure from drawing 4 (a), respectively. 

fDrawing 51 It is a sectional view explaining each process at the time of the porosity 
low dielectric constant film being used for (c) from drawing 5 (a), respectively, and 
forming metal wiring and a metal plug according to a single DAMASHJN process. 
[Drawing 61 It is a sectional view explaining each process at the time of the porosity 
low dielectric constant film being used for (c) from drawing 6 (a), respectively, and a 
dual DAMASHIN process explaining metal wiring and a metal plug. 
[Description of Notations] 

10 [ Chamber, ] .... Washing/dryer, 12 .. Opening, 14 .. A processing room, 16 18 [ .. 
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Polar-solvents source of supply, ] .... A lid, 20 A fluid source of supply, 22 .. A 
washing assistant source of supply, 24 26 .... An O ring, 28 .. A bolting implement, 30 .. 
Washed body maintenance cassette, 32 .... A pressure and a temperature control means, 
34 .. A cross valve, 36 .. Fluid supply port, 38 .... A washing assistant supply means, 40 .. 
A closing motion valve, 42 .. Supply line, 44 [ .. Fluid discharge port, ] .... A 
polar-solvents supply means, 46 .. A closing motion valve, 48 .. A feed hopper, 50 52 [ .. 
Temperature controller, ] .... An exhaust-gas -pressure valve, 54 .. An effluent liquor 
decollator, 56 .. A heating means, 58 62 .... Si substrate, 64 .. The 1st layer (thin 
insulator layer), 66 .. The 2nd layer (insulator layer), 68 .... The 3rd layer (metal 
membrane), 70 The 4th layer (insulator layer), 72 .. Resist mask, 74 .... Electrode 
structure, 76 .. The substrate film, 78 .. Etching mask layer, 80 .... The porosity low 
dielectric constant film, 82 .. A contact hole, 84 .. Wiring gutter, 86 [ .. Embedding 
wiring, ] .... A reaction prevention layer, 88 .. A metal membrane, 90 .. A metal plug, 92 
93 .... A heavy-metal-contamination object, 94 .. The substrate film, 96 .. The 1st 
porosity low dielectric constant film, 98 .... The 1st etching mask layer, 100 .. The 2nd 
porosity low dielectric constant film, 102 [ .. A reaction prevention layer, 112/.. 114A 
metal membrane, 116 / .. A metal plug, 118 / .. Embedding wiring, 120 / .. 
Heavy^netal-contamination object ] .... 104 The 2nd etching mask layer, 106 .. A 
contact hole, 108 .. A wiring gutter, 110 

TECHNICAL FIELD 

[Field of the Invention] 

This invention relates to the optimal washing approach for washing of the wafer which 
was formed with the application of the washed body polluted with metals, such as a 
tungsten, aluminum, and copper, especially CMP, or ECP and which embeds and has 
wiring in more detail about the washing approach. 
[0002] 

PRIOR ART 

[Description of the Prior Art] 

At the process which forms metal wiring of semiconductor devices, such as a transistor, 
after forming the metal membrane for metal wiring formation conventionally, on a 
metal membrane, the resist film is formed, patterning of the resist film is carried out, 
and an etching mask is formed. Then, a metal membrane is etched by the dry etching 
method from on an etching mask, and metal wiring is formed. 

Moreover, at the process which forms the metal plug which connects vertical wiring 
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with the wiring structure of a semiconductor device, after forming the metal membrane 
for metal plug formation and embedding a contact hole on the insulator layer in which 
the contact hole was formed, etchback of the whole metal membrane surface is carried 
out, and the metal plug is formed. 
[0003] 

By the way, in case the metal membrane on an insulator layer is ground and removed 
henceforth [ a 0.18 micron device generation ] on the occasion of formation of 
embedding metal wiring and a metal plug as high integration of a device, high 
aspect-ization, etc. progress in recent years, they are chemical mechanical polishing 
(ChemicalMechanical Polishing : CMP) and electrolytic polishing (Electro Chemical 
Polishing). 

: It is coming to apply ECP. 
[0004] 

For example, in wiring formation of a semiconductor device, the so-called DAMASHIN 
process which grinds the metal layer on an insulator layer, removes by CMP or ECP, 
embeds, and forms metal wiring is used. 

a DAMASHIN process — first — reactive ion etching (RIE) — law etc. — Si02 on a 
wafer etc. — a layer insulation layer is etched and a wiring gutter is formed. 
Subsequently, metal membranes, such as aluminum film and a copper film, are formed 
by the CVD method, or a spatter or the galvanizing method all over a wafer, for 
example, a wiring gutter is embedded, CMP and ECP grind and remove the metal 
membrane on a layer insulation layer continuously, it embeds at wiring Mizouchi, and 
metal wiring is formed. 
[0005] 

Moreover, similarly formation of a metal plug has applied CMP. first, Si02 etc. — a 
layer insulation layer —reactive ion etching (RIE) — a connection hole is formed by law 
etc. Subsequently, for example, the titanium film, the titanium nitride film, the tantalum 
nitride film, etc. are formed all over a wafer including the porous wall of a connection 
hole as an adhesion layer with a spatter or a CVD method, for example, the tungsten 
film is continuously formed on an adhesion layer with a CVD method, and a connection 
hole is embedded. Subsequently, by CMP, the tungsten film and adhesion layer on a 
layer insulation layer are ground, and a metal plug is formed in a connection hole. 
[0006] 

By the way, by the CMP method of the conventional metal membrane, since the 
polished surface of a metal membrane was washed after laying the wafer on the rotating 
polish plate (it is also called a platen) and grinding the metal membrane on a wafer 
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using a slurry-like abrasive material, there were the following problems. 

I hear that it is easy to generate a blemish (scratch) on that a lot of particle set to the 1st 

from the metallic oxide originating in an abrasive material slurry, a ceramic, etc. 

remains on a wafer front face, and a wafer front face, and it is shown in them. 

It is concern that metal contamination of the wafer front face is carried out with the 

metallic oxide contained in an abrasive material slurry the 2nd. If heavy metal 

contamination occurs on an interlayer insulation film or in an interlayer insulation film 

especially, since leak between wiring will be caused, it becomes a very serious problem. 

Also when the metal membrane on an interlayer insulation film is ground by ECP, the 

same heavy metal contamination poses a problem. 

[0007] 

On the other hand, for improvement in the speed of LSI, it is indispensable to reduce the 
capacity between wiring. Then, in order to reduce the capacity between wiring, the low 
dielectric constant film is used as an interlayer insulation film during wiring. 
Furthermore, in order to form the interlayer insulation film of much more a low 
dielectric constant, the attempt which makes porosity membraneous quality of not only 
selection of a film ingredient but an interlayer insulation film has accomplished. 
[0008] 

Here, how to use the porosity low dielectric constant film as an interlayer insulation 
film, embed according to a single DAMASHIN process with reference to drawing 5 , 
and form metal wiring and a metal plug is explained. It is a sectional view explaining 
each process at the time of the porosity low dielectric constant film being used for (c) 
from drawing 5 (a), and forming metal wiring and a metal plug according to a single 
DAMASHIN process. 

First, as shown in drawing 5 (a), through the etching mask layer 78, the porosity low 
dielectric constant film 80 is formed on the substrate film 76, and the contact hole 82 
and wiring gutter 84 which are arrived at subsequently to the substrate film 76 at the 
low dielectric constant film 80 are formed. 

Subsequently, as shown in drawing 5 (b), the metal membrane 88 for metal plug 
formation is continuously formed the reaction prevention layer 86 and formed in the 
wall of a contact hole 82 and a wiring gutter 84 on the low dielectric constant film 80, 
and a contact hole 82 and a wiring gutter 84 are embedded. 

Subsequently, as shown in drawing 5 (c), while giving CMP, grinding a metal 
membrane 88 and exposing the low dielectric constant film 80, the metal plug 90 and 
the embedding wiring 92 are formed. 
[0009] 
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By the way, as shown after CMP at drawing 5 (c), the heavy-metal-contamination object 
93 produced from the abrasive material slurry of metal membrane residue or CMP is 
generated on the low dielectric constant film 80 or in the low dielectric constant film 80. 
If it produces commercially while metal contamination of the low dielectric constant 
film 80 had been carried out with these heavy-metal-contamination objects 93, since 
leak between wiring etc. will occur, it is required to remove the 
heavy-metal-contamination object 93 and to defecate the low dielectric constant film 80. 
[0010] 

Moreover, in case it embeds according to a dual DAMASHIN process and wiring is 
formed, as shown in drawing 6 (a), the 1st porosity low dielectric constant film 96, the 
1st etching mask layer 98, the 2nd porosity low dielectric constant film 100, and the 2nd 
etching mask layer 102 are formed one by one on the substrate film 94. Then, the 
contact hole 104 which reaches the substrate film 94, a contact hole 106, and a wiring 
gutter 108 are formed using the etching mask formed from the 1st etching mask layer 98 
and the 2nd etching mask layer 102. Subsequently, the reaction prevention layer 110 is 
formed in the wall of contact holes 104 and 106 and a wiring gutter 108. 
As shown in drawing 6 (b), the metal membrane 112 for wiring and metal plug 
formation is formed on the 2nd etching mask layer 102, and contact holes 104 and 106 
and a wiring gutter 108 are embedded. 

Subsequently, as shown in drawing 6 (c), while giving and grinding CMP in a metal 
membrane 112 and the 2nd etching mask layer 102 and exposing the 2nd porosity low 
dielectric constant film 100, the metal plugs 114 and 116 and the embedding wiring 118 
are formed. 
[0011] 

By the way, as shown after CMP at drawing 6 (c), the heavy-metal-contamination object 
120 produced from metal membrane residue or an abrasive material slurry is generated 
on the 2nd porosity low dielectric constant film 100 or in the film. 

If it produces commercially while metal contamination had been carried out with these 
heavy-metal-contamination objects, since leak between wiring etc. will occur, it is 
required to remove a heavy-metal-contamination object and to defecate the 2nd porosity 
low dielectric constant film 100. 

In addition, it is a sectional view explaining each process at the time of the porosity low 
dielectric constant film being used for (c) from drawing 6 (a), respectively, and forming 
metal wiring and a metal plug according to a dual DAMASHIN process. 
[0012] 

Although these heavy-metal-contamination object had to be removed in order to 
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manufacture LSI devices which are not produced, such as leak between wiring, as stated 
above, there were the following problems which should be solved on that occasion. 
Usually, in removing heavy metal, wet washing using water is performed as wash water, 
and, subsequently it is dry. However, since the differential pressure of the pressure of a 
penetrant remover and atmospheric pressure occurs in a gas-liquid interface when 
penetrant removers, such as water with large surface tension, frequent the hole of the 
porosity low dielectric constant film on the occasion of washing, the hole of the porosity 
low dielectric constant film is crushed, membraneous quality changes, and the dielectric 
constant of the low dielectric constant film becomes high in many cases. Now, the 
effectiveness which uses the porosity low dielectric constant film declines. 
[0013] 

What is necessary is to use a fluid with small surface tension and just to do 
washing/desiccation of, in order to make it a hole not crushed. For example, although 
the surface tension of water is about 72 dyn/cm, since the surface tension of a methanol 
is about 23 dyn/cm, after carrying out backwashing by water rather than it makes it dry 
immediately after carrying out backwashing by water, a methanol permutes water and 
the direction subsequently dried tends to suppress change of the membraneous quality 
of the low dielectric constant film. 

However, since it is not so small as the surface tension of a methanol can also be 
disregarded, a hole is crushed to some extent. Therefore, change of membraneous 
quality cannot be prevented completely and it does not become a perfect problem 
solving. 
[0014] 

It is drying after it makes it dry after washing using the fluid whose surface tension is 
zero as a rinse or carrying out a rinse with such a liquid, in order to make it the hole of 
the porosity low dielectric constant film not crushed, or surface tension permutes a rinse 
by the fluid of zero. 

Surface tension can mention supercritical fluid as a fluid of zero. A supercritical 
condition is one of the condition phases which the matter takes under the critical 
temperature of a proper, and the critical pressure to the matter, and supercritical fluid 
means the fluid in a supercritical condition. 

While the solvent power of supercritical fluid over other liquids and solid-states is 
almost equivalent to the fluid of a liquid condition, the viscosity is remarkably small 
and it has the unique property in which a diffusion coefficient is very large. If it puts in 
another way, it can be said to be a liquid with a gaseous property. 

Therefore, since supercritical fluid does not form a gas-liquid interface, surface tension 
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becomes zero. Then, if the washed body is dried in the state of supercritical, since 
surface tension does not exist, the differential pressure by generating of a gas-liquid 
interface will be produced at all. 
[0015] 

Since supercritical fluid will be promptly gasified if a pressure turns into below the 
critical pressure, after washing using supercritical fluid, supercritical fluid can be easily 
emitted by decompressing. 

Therefore, after the porosity low dielectric constant film washes the substrate exposed 
to a front face, After washing by the penetrant remover directly from a penetrant 
remover and carrying out a rinse by the rinse subsequently Or after carrying out a rinse 
and another liquid permutes a rinse, the liquid adhering to a substrate is easily 
removable by contacting the substrate to which the penetrant remover, the rinse, or 
another liquid has adhered to the supercritical fluid in a proof-pressure container, and 
dissolving these liquids in supercritical fluid. 

Subsequently, a substrate can be picked out from a proof-pressure container in 
atmospheric air by reducing the pressure in a proof-pressure container below to the 
critical pressure, maintaining the temperature in a proof-pressure container more than 
critical temperature, and gasifying supercritical fluid. 

Since the surface tension of supercritical fluid is very small, in case supercritical fluid is 
removed from a substrate front face, the stress given to the microstructure of a wafer, 
for example, the hole of a pattern or the porosity low dielectric constant film, with the 
surface tension is extent which can be disregarded. As [ arise / therefore, / on the 
porosity low dielectric constant film / deterioration ] (JP,2000-154273,A) 
[0016] 

Many matter with which it is checked as supercritical fluid that it will be in supercritical 
conditions, such as a carbon dioxide, ammonia, water, alcohols, aliphatic saturated 
hydrocarbon of low molecular weight, benzene, and diethylether, can be used. 
In these matter, without putting that handling is easy and the washed body to an 
elevated temperature, washing / since it says that it can dry, the carbon dioxide with the 
supercritical temperature near 31.3 degrees C and a room temperature is one of the 
matter desirable as a penetrant remover. 
[0017] 

[Patent reference 1] 

JP,10-1 35 170,A ( drawing 1 ) 

[Patent reference 2] 

The patent No. 2574781 official report ( drawing 1 ) 
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[0018] 



EFFECT OF THE INVENTION 

[Effect of the Invention] 

By having the washing process which the supercritical fluid which added the organic 
acid or the chelating agent with the predetermined appending rate as a washing assistant 
is used as a penetrant remover, and the washed body is contacted to the supercritical 
fluid which added the washing assistant, and is washed according to the 1st invention 
approach Without damaging the fine structure of the washed bodies, such as a hole of 
the porosity low dielectric constant film, according to a metal prehension operation of 
an organic acid or a chelating agent, a heavy-metal-contamination object can be washed 
and removed certainly, and the washed body can be dried. 

Moreover, a heavy^iietal-contamination object can be washed and removed, without 
doing damage to a microstructure, also when the 1st and 2nd invention approaches are 
applied to washing of the washed body which consists of a microstructure of a beam 
configuration like the Ayr bridge of a micro machine, or a cantilever. 
According to the 2nd invention approach, batch processing of washing of the washed 
body polluted with the heavy-metal-contamination object, purification, and the 
desiccation can be carried out with washing/dryer of 1 tub type. 

Moreover, by the 1st and 2nd invention approaches, since it is not necessary to add the 
chemical which has an etching operation or the oxidation, it embeds [ which was 
formed in the porosity low dielectric constant film, for example ], wiring is eaten away, 
and the problem of wiring resistance going up does not arise. 

TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] 

However, there were the following problems in the conventional washing approach by 
the supercritical carbon dioxide. 

Since the solubility of a supercritical carbon dioxide is a property like a non-polar 
organic solvent, there is selectivity in the dissolution engine performance of a 
supercritical carbon-dioxide simple substance the 1st. Therefore, although dissolution 
removal of dissolution removal of the low-molecular organic substance, fats and oils, a 
wax, etc. is possible, it is the problem that a cleaning effect is low to removal of metal 
contaminations, such as a metal metallurgy group oxide of ionicity. 
In order for lift off to remove a heavy-metal contamination in the 2nd, when the 
chemical which has the etching force to a supercritical carbon dioxide, and the chemical 
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which has oxidizing power are added, the membrane structure of the porosity low 
dielectric constant film is the problem that etch thru/or oxidize, change and a dielectric 
constant becomes high. Moreover, it embeds, wiring is also etched, wiring resistance 
increases, and there is also a problem formed in the porosity low dielectric constant film 
of causing wiring delay. 

Thus, it was difficult to be able to remove a heavy-metal-contamination object certainly, 
holding membraneous quality and membrane structure by the washing approach by the 
conventional supercritical carbon dioxide without changing the membraneous quality of 
the porosity low dielectric constant film. 
[0019] 

Then, the purpose of this invention is offering the washing approach which washes and 
purifies the washed body by which metal contamination was carried out, without doing 
damage to the washed body. For example, when it is what the washed body embeds in 
the porosity low dielectric constant film, and has wiring, It is washing and purifying the 
washed body which was formed in the porosity low dielectric constant film and by 
which metal contamination was carried out, without having embedded and doing 
damage to wiring, without changing the membraneous quality of the porosity low 
dielectric constant film, membrane structure, etc. 
[0020] 

MEANS 

[Means for Solving the Problem] 

In order that this invention person may solve the above-mentioned purpose, in case a 
supercritical carbon dioxide washes the washed bodies by which metal contamination 
was carried out, such as porosity low dielectric constant film after CMP, in the process 
which continued research It found out that a heavy-metalK:ontamination object could be 
washed and removed certainly, and the washed body could be dried by carrying out 
minute amount addition of an organic acid or the chelating agent as a washing assistant 
beforehand at supercritical fluid, for example, a supercritical carbon dioxide, and 
carrying out washing processing of the washed body using it as a penetrant remover. 
[0021] 

Since the permeability to the detailed section is higher than a liquid, supercritical fluid 
can be easy to accompany an organic acid or a chelating agent to between fine structure 
objects, such as a hole of the porosity low dielectric constant film, and a 
heavy-metal-contamination object, thereby, can catch a heavy-metal-contamination 
object, and can make it remove. Moreover, since the consistency is higher than a gas, 
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supercritical fluid can remove the removed heavy-metal-contamination object easily, 
and can flush it. 

Since the washing assistant is used, it does not arise that it is not necessary to add the 
chemical which has an etching operation, a wiring metallic material is eaten away like 
before, and wiring resistance increases. 
[0022] 

In the approach of washing the washed body with which metal contamination of the 
washing approach (henceforth the 1st invention approach) concerning this invention is 
carried out based on above-mentioned knowledge in order to attain the 
above^nentioned purpose by supercritical fluid, 

It is characterized by having the washing process which the supercritical fluid which 
added the organic acid or the chelating agent with the predetermined appending rate as a 
washing assistant is used as a penetrant remover, and the washed body is contacted to 
the supercritical fluid which added the washing assistant, and is washed. 
[0023] 

In the suitable embodiment of this invention approach, it has the process which gasifies 

supercritical fluid and dries the washed body following a washing process. 

Moreover, in the another suitable embodiment of this invention approach, it has the 

rinse process which supplies only supercritical fluid and performs rinse washing to the 

washed body, and the process which subsequently gasifies supercritical fluid and dries 

the washed body following a washing process. 

[0024] 

In the approach of washing the washed body with which metal contamination of the 
washing approach (henceforth the 2nd invention approach) concerning this invention 
which uses 1 tub type washing / dryer which has washing/desiccation chamber of one 
tub is carried out by supercritical fluid, 

The process which uses 1 tub type washing / dryer which has washing/desiccation 
chamber of one tub, adds and supplies an organic acid or a chelating agent to 
supercritical fluid with a predetermined appending rate as a washing assistant at 
washing/desiccation chamber which holds the washed body, and washes the washed 
body, 

Subsequently, the process which carries out rinse washing of the washed body, 
permuting the supercritical fluid which supplied only supercritical fluid to 
washing/desiccation chamber, and added the washing assistant by supercritical fluid, 
Subsequently, the process which supercritical fluid is gasified and removed [ process ] 
and dries the washed body 
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It **** and is characterized by performing washing processing and desiccation 

processing one by one within washing/desiccation chamber of one tub. 

[0025] 

It dissolves in supercritical fluid, such as a supercritical carbon dioxide, good, and the 
conditions of the organic acid which can be used as a washing assistant, or a chelating 
agent are stable under the pressure beyond the critical condition of supercritical fluid, 
and temperature. 

As an organic acid which can be used as a washing assistant by the 1st and 2nd 
invention approaches, although there are oxalic acid, a malonic acid, a citric acid, a 
succinic acid, a malic acid, etc., a citric acid and a malic acid are desirable as an organic 
acid which is stabilized and catches especially a heavy-metal-contamination object 
certainly. 
[0026] 

moreover, as a chelating agent which can be used by the 1st and 2nd invention 
approaches Ethylenediaminetetraacetic acid (EDTA), a diethylenetriamine pentaacetic 
acid (DTPA), The transformer-cyclohexane -1, 2-diamine tetraacetic acid (CyDTA), 
Nitrilotriacetic acid (NTA), an IMINONI acetic acid (IDA), TORIETANO, RUAMIN 
(TEA), 1, 2-cyclohexane diamino tetraacetic acid (CDTA), They are a diethylene 
triamino 5 methylene phosphoric acid (DTPMP), a hydroxyethyl NIRIN acid (HEDP), 
an acetylacetone derivative, 1, 1, 1, 5 and 5, the 5-6 fluoride -2, 4-2,4-pentanedione, etc. 
Especially the chelating agent that is stabilized and catches a heavy-metal 
contamination certainly is a diethylenetriamine pentaacetic acid (DTPA), 
triethanolamine (TEA), 1, 2-cyclohexane diamino tetraacetic acid (CDTA), a diethylene 
triamino 5 methylene phosphoric acid (DTPMP) and 1, 1, 1, 5 and 5, the 5-6 fluoride -2, 
or 4-2,4-pentanedione. 
[0027] 

It may be hard to dissolve an above-mentioned organic acid or an above-mentioned 
chelating agent in a non-polar solvent like a supercritical carbon dioxide. When it is 
hard to dissolve, even if it mixes an above-mentioned organic acid or an 
above-mentioned chelating agent directly to a supercritical carbon dioxide, it is difficult 
to demonstrate the washing engine performance to the heavy-metal-contamination 
object of an organic acid or a chelating agent. 

Then, by adding to supercritical fluid by making a polar organic solvent into a 
compatible agent, an organic acid or a chelating agent can be stabilized and dissolved in 
a supercritical carbon dioxide at the pressure and temperature beyond a critical 
condition, a complexing operation or a chelate effect can be demonstrated, and the 
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washing engine performance of a supercritical carbon dioxide can be raised. 

The addition to the supercritical fluid of a polar organic solvent is 30% or less 10% or 

more. 

[0028] 

As such a polar organic solvent, a methanol, ethanol, isopropanol, Alcohols, such as 
ethylene glycol and a glycerol, an acetone, a methyl ethyl ketone, Lactone, such as 
ketones, such as methyl isopropyl ketone, and gamma-butyrolactone Nitril, such as ester, 
such as methyl lactate and ethyl lactate, an acetonitrile, and N-methyl pyrrolidine 
Ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, A diethylene 
glycol, the diethylene-glycol monomethyl ether, Diethylene glycol monoethyl ether, the 
triethylene glycol monomethyl ether, Sulfoxides, such as sulfones, such as ether, such as 
diethylene-glycol wood ether and dipropylene glycol wood ether, and a sulfolane, and 
dimethyl sulfoxide, are mentioned. In these, ether, such as the diethylene-glycol 
monomethyl ether, diethylene glycol monoethyl ether, and dipropylene glycol 
monomethyl ether, is used especially suitably. 
[0029] 

Since a washing assistant has critical temperature and the critical pressure higher than a 
carbon dioxide when using a carbon dioxide as supercritical fluid, in the critical 
temperature and the critical pressure of an interflow object with a supercritical carbon 
dioxide, the critical temperature and the critical pressure of a carbon dioxide become 
high. 

Then, it is desirable to hold the temperature and the pressure of a supercritical carbon 
dioxide highly to 40 degrees C and 10MPa(s), respectively so that a washing assistant 
may dissolve to a supercritical carbon dioxide well. 

the concentration of an organic acid or a chelating agent — 40 degrees C and the 
supercritical carbon dioxide of 8MPa — less than [ more than 0.01mol%2mol% ] — it is 
a density range not more than more than 0.05 mol% lmol% preferably. When an organic 
acid or chelating agent concentration is lower than 0.01-mol%, it is difficult to remove a 
heavy^netal -contamination object completely, and when higher than two^nol%, an 
organic acid or a chelating agent does not dissolve into a supercritical carbon dioxide, 
but there is a possibility of depositing on the washed body. 
[0030] 

[Embodiment of the Invention] 

With reference to an accompanying drawing, the example of an operation gestalt is 
given to below, and the gestalt of operation of this invention is explained to it at 
concrete and a detail. 
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The example 1 of an operation gestalt 

This example of an operation gestalt is an example of the operation gestalt of the 
washing approach concerning the 1st and 2nd invention approaches, and drawing 1 R> 
1 is a flow sheet which shows the configuration of washing/dryer used in case the 
approach of this example of an operation gestalt is enforced. 

First, with reference to drawing 1 , the configuration of washing/dryer used in case the 
approach of this example of an operation gestalt is enforced is explained. Washing / 
dryer 10 is washing/dryer of the batch type which carries out washing/desiccation 
processing of the washed body like the wafer which has the low dielectric constant film 
by which heavy metal pollution was carried out as shown in drawing 5 (c) and drawing 
6(c). 

The chamber 16 which washing / dryer 10 has opening 12 in the upper part as shown in 
drawing 1 , and has the processing room 14 which contains the washed body W by 
which carrying-in appearance is carried out through opening 12 inside, The lid 18 which 
seals opening 12, and the fluid source of supply 20 which supplies a processing fluid to 
the processing room 14, A fluid supply means to introduce a processing fluid in the 
processing room 14 from the fluid source of supply 20, It has a washing assistant supply 
means to add a washing assistant in a processing fluid from the washing assistant source 
of supply 22, a polar organic solvent supply means to add a polar organic solvent in a 
processing fluid from the polar organic solvent source of supply 24, and a fluid 
discharge means to discharge the processing fluid with which processing of the washed 
body was presented from the processing room 14. 
[0031] 

A processing fluid means the supercritical fluid used as a penetrant remover which 
removes the heavy-metal-contamination object of the washed body W. Moreover, a 
washing assistant means an organic acid or a chelating agent. In addition, the 
supercritical fluid which added the washing assistant may be called processing fluid. 
In this example of an operation gestalt, a supercritical carbon dioxide is used as 
supercritical fluid. 
[0032] 

Carrying-in appearance of the washed body W is carried out to the processing room 14 
through opening 12. Between the opening edge of the opening 12 of the processing 
room 14, and the lid 18, O ring 26 is arranged as a seal member so that opening 12 can 
be sealed with a lid 18. With the bolting implements 28, such as ****, a lid 18 is 
connected with the processing room 14, and seals the processing room 14. That is, the 
interior of the processing room 14 can be changed into the condition of having been 
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sealed completely, by binding the lid 18 through O ring 26 tight, and binding tight with 
an ingredient 28. 

Moreover, inside the processing room 14, the washed body maintenance cassette 30 for 

laying and holding two or more washed bodies W can be arranged. 

[0033] 

A fluid supply means consists of the pressure and a temperature control means 32 to 
control a processing fluid to a predetermined pressure and predetermined temperature, a 
cross valve 34, and a fluid supply port 36 arranged in the processing room 14, and 
introduces the processing fluid controlled by the pressure and the temperature control 
means 32 by a predetermined pressure and temperature through the cross valve 34 and 
the fluid supply port 36 from the fluid source of supply 20 in the processing room 14. 
The pressure and the temperature control means 32 consist of [ temperature ] in-line 
heaters which carry out a temperature up in the booster pump and processing fluid 
which carry out the pressure up of the processing fluid. 
[0034] 

The washing assistant supply means 38 is equipped with a pump etc., and supplies a 
washing assistant to a processing fluid by the supply line 42 through the closing motion 
valve 40 from the washing assistant source of supply 22. 

The polar organic solvent supply means 44 is equipped with a pump etc., and supplies a 
polar organic solvent to a processing fluid by the supply line 40 through the closing 
motion valve 46 from the polar-solvents source of supply 24. 

It connects with the cross valve 34 equipped with the feed hopper 48, and a supply line 
42 adds the polar organic solvent or washing assistant of the specified quantity in a 
processing fluid through the fluid supply port 36 by opening adjustment of a cross valve 
34. 

[0035] 

The fluid discharge means consists of a fluid discharge port 50 established in the 
processing room 14, an exhaust-gas^>ressure valve 52, and an effluent liquor decollator 
54 connected to the fluid discharge port 50 through the exhaust-gas-pressure valve 52. 
[0036] 

The exhaust-gas-pressure valve 52 will be opened if the internal pressure of the 
processing room 14 becomes more than a setting pressure, and it has the function which 
discharges the processing fluid introduced in the processing room 14. That is, the 
exhaust-gas -pressure valve 52 can maintain the pressure in the processing room 14 at a 
predetermined pressure. 

The effluent liquor decollator 54 is vapor-liquid-separation equipment, and the 
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discharged supercritical carbon dioxide (a washing assistant is included) is divided into 
a gas component and a liquid component by reducing a pressure to atmospheric pressure. 
A supercritical carbon dioxide evaporates a gas component and it is recovered by the 
gas recovery system (not shown) as exhaust gas. A washing assistant etc. is separated as 
a liquid and liquid components are collected as effluent liquor. 

The collected exhaust gas is a carbon dioxide etc. and can also be reused. Moreover, the 

collected effluent liquor is reusable similarly. 

[0037] 

Furthermore, the side attachment wall of a chamber 16 is equipped with a heating 
means 56 to heat the processing fluid introduced in the processing room 14, and to hold 
to predetermined temperature. 

The heating means 56 is equipped with the temperature controller 58 which consists of 
heating media like heating wire, controls the power supplied to heating wire from the 
power source (not shown) prepared in the exterior of the processing room 14, and 
controls the temperature of the heating means 56 to predetermined temperature. 
[0038] 

Although this washing / dryer 10 is equipment which washes two or more washed 
bodies W by the batch type, washing/dryer of single-wafer-processing processing are 
also the same configuration as this washing / dryer 10, and a process flow 
fundamentally, and although it ends with a small processing room, a throughput falls. 
[0039] 

Next, how to follow the approach of this example of an operation gestalt using 
above-mentioned washing / dryer 10, and wash / dry the washed body W is explained. 
In this example of an operation gestalt, as the washed body W shows drawing 5 (c) or 
drawing 6 (c), it is the wafer which has the laminated structure by which heavy metal 
contamination was carried out, and a methanol is used as an organic acid, for example, a 
citric acid, and a polar organic solvent as a washing assistant. 
[0040] 

First, the washed body maintenance cassette 30 which held two or more washed bodies 
W from the opening 12 of the processing room 14 is contained in the processing room 
14. Then, a lid 18 is shut, the processing room 14 is changed into a sealing condition, 
and a supercritical carbon dioxide is introduced in the processing room 14 from the 
processing fluid source of supply 20. 
[0041] 

If 7.38 or more MPas are pressurized and a carbon dioxide is heated at 31.1 degrees C 
or more on the occasion of installation, since it will be in a supercritical condition, the 
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pressure up of the pressure is preferably carried out for a carbon dioxide to 10MPa(s) 
with a pressure and the temperature control means 32 from the processing fluid source 
of supply 20 at 7.38 or more MPas, the temperature up of the temperature is preferably 
carried out to 40 degrees C, and it is introduced into 31.1 degrees C or more in the 
processing room 14 through a supply port 36. 

To coincidence, the supercritical carbon dioxide introduced in the processing room 14 
by the heating means 56 is heated, and the temperature of the supercritical carbon 
dioxide in the processing room 14 is maintained at 40 degrees C with a temperature 
controller 58 at it. 

A supercritical carbon dioxide is maintained to the temperature of 40 degrees C, and the 
pressure of lOMPa for raising the solubility of a washing assistant and raising the 
washing engine performance of a supercritical carbon dioxide. 
[0042] 

With installation of a supercritical carbon dioxide, opening of the opening of a cross 
valve 34 is adjusted and carried out, and a washing assistant is added from the washing 
assistant source of supply 22 with a predetermined appending rate to a supercritical 
carbon dioxide through a feed hopper 48. In this example of an operation gestalt, an 
appending rate is 1 % of the weight. 
[0043] 

A temperature controller 58 performs temperature control of a supercritical carbon 
dioxide. If the internal pressure of the processing room 14 becomes more than a 
constant pressure, the exhaust-gas-pressure valve 52 will open and a supercritical 
carbon dioxide and a washing assistant will be discharged out of a system via the 
effluent liquor decollator 54. 

Thus, it is possible to keep constant the pressure in the processing room 14 and 
temperature by discharging suitably the supercritical carbon dioxide with which it filled 
up in the processing room 14. 

the supercritical carbon dioxide which added the washing assistant — the washed body 
W — predetermined time — for example, it is immersed for 10 minutes and a 
heavy^netal-contamination object is removed. Subsequently, while the washed body W 
had been made immersed in the supercritical carbon dioxide which added the washing 
assistant, the closing motion valve 40 is stopped, supply of a washing assistant is 
suspended, only a supercritical carbon dioxide is supplied to the processing room 14 as 
a rinse, and a washing assistant is discharged, thinning washing assistant concentration 
gradually. It is separated by the effluent liquor decollator 54 and recovery playback of 
the mixed waste fluid of a carbon dioxide and a washing assistant is carried out if 
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needed. 
[0044] 

Then, the pressure of the processing room 14 is lowered, and if a carbon dioxide is 
discharged and it cools, the washed body W will be fulfilled by the gaseous carbon 
dioxide, and will be dried. In supercritical drying, a pressure is decompressed to 
atmospheric pressure, holding temperature at 31.1 degrees C or more, after holding 
temperature at 40 degrees C, holding a pressure to 10MPa(s) and washing, when a 
carbon dioxide is used, for example as supercritical fluid. Then, temperature is lowered 
from 31.1 degrees C or more to a room temperature, for example, 20 degrees C. 
By this, the washed body W in the processing room 14 will be in dryness. Thus, it 
becomes possible to make it dry, without destroying the fine structure of the washed 
body W which has the fine structure like the hole of the porosity low dielectric constant 
film by passing through supercritical drying. 

By passing through the above process, the heavy-metal-contamination object adhering 
to the washed body W can be removed, and the pure washed body W can be acquired. 
[0045] 

The example 1 of an experiment 

Cu atoms are 1013 atom/cm2 before washing as an example 1 of an experiment. When 
washing/desiccation processing of the wafer which has the laminated structure shown in 
drawing 6 (c) which was carrying out extent adhesion is carried out by the approach of 
this example of an operation gestalt, as it is shown in drawing 2 , it is the coating weight 
of Cu atom of a wafer 1010 atom/cm2 It could decrease to extent and sufficient 
heavy-metal-<;ontamination removal was able to be attained. 

When a washing assistant was not added but washing/desiccation processing of the 
same wafer as the example 1 of an experiment was carried out by using only a 
supercritical carbon dioxide as a processing fluid as an example of a comparison, the 
coating weight of Cu atom of a wafer is 1012 atom/cm2. It is extent and the coating 
weight of Cu atom was almost changeless washing before. 
[0046] 

The example 2 of an experiment 

Moreover, it is after washing, the structure before wiring layer membrane formation 
(presentation) was investigated using infrared absorption spectrometry, and the 
presentation change before and behind washing was indicated to be the structure before 
washing of the porosity low dielectric constant film when washing the porosity low 
dielectric constant film before wiring layer membrane formation by the washing 
approach of the example 1 of an operation gestalt (presentation) shown in drawing 6 (a) 
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to drawing 3 . 

The wave number (cm-1) of an infrared absorption spectrum is taken along a horizontal 
axis, it takes an absorbance (arbitration graduation) along an axis of ordinate, and 
drawing 3 shows the graph which shows the relation between the wave number (cm-1) 
of the infrared absorption spectrum before washing on the upper case, and an 
absorbance, and the graph which shows the relation between the wave number (cm-1) of 
the infrared absorption spectrum after washing in the lower berth, and an absorbance. In 
addition, although the absorbance before and behind washing is the same, in order to 
show the location of the peak wave number clearly, it dissociates up and down and it is 
displayed. 
[0047] 

Si-O, Si^H, Si-OH, Si-CH3 which are before and after washing and constitute the 
porosity low dielectric constant film so that drawing 3 may show Change was not 
looked at by association of C-H etc. Therefore, since are before and after washing and 
presentation change has not arisen, i.e., it is before and after washing and is changeless 
in the structure of the low dielectric constant film, it can be judged that that a hole is 
crushed and a dielectric constant changes has not arisen. 

Without it seeming that the porosity low dielectric constant film passes a gas-liquid 
interface, and the porous hole was crushed on the occasion of washing and desiccation 
like before since the gas-liquid interface was not generating to a supercritical carbon 
dioxide so that the examples 1 and 2 of an experiment might show, the 
heavy^netal-contamination object was removed and it has checked that it could be 
made to dry. 
[0048] 

In addition, if the closing motion valve 46 is opened wide and it pours into supercritical 
fluid via the supply line 42 and the cross valve 34 from the polar organic solvent source 
of supply 24 with the polar-solvents supply means 44 before pouring a washing 
assistant into a supercritical carbon dioxide, the solubility of a washing assistant can be 
raised further. The addition ratio of a polar organic solvent is 20% or less more than 
per %. 
[0049] 

Although chemical mechanical polishing (Chemical Mechanical PolishingrCMP) was 
made into the example and explained as the polish approach of a metal membrane, as 
the polish approach, it is not restricted only to CMP. For example, the heavy metal 
contamination generated in electrolytic polishing (Electro Chemical Polishing : ECP) 
etc. can be similarly removed by the washing approach of this invention, without 
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changing the structure of the porosity low dielectric constant film. 
[0050] 

Although the wafer equipped with the wiring structure using the porosity low dielectric 
constant film formed by the production process of LSI as the washed body is made into 
the example by the approach of this example of an operation gestalt, it is applicable also 
like many of microstructures of others which are formed by the production process of 
LSI. 

moreover - when it is the micro machine which has the moving part which consists of 
Ayr bridge structure and the approach of this example of an operation gestalt was 
applied by use as the wash body that by which heavy metal contamination was carried 
out , without the Ayr bridge front face is eat away like before after washing - moreover , 
the substrate of the Ayr bridge - also stick - it checked that there was nothing and a 
heavy metal contamination object could be removed . 
[0051] 

The example 2 of an operation gestalt 

Although washing/desiccation processing of the washed body by which is the wafer 
which embedded on the porosity low dielectric constant film, and prepared wiring, and 
heavy metal contamination was carried out is carried out in the example 1 of an 
operation gestalt, this invention approach is applicable also to the washed bodies other 
than these. 

This example of an operation gestalt is an example of an operation gestalt which applied 
the washing approach concerning the 1st and 2nd invention approaches to weak 
washing of the electrode structure of structure which has the pattern of a high aspect 
ratio shown in drawing 4 prepared in the large-scale integrated circuit. It is the sectional 
view of each process at the time of (c) forming electrode structure from drawin g 4 (a), 
respectively. 

In this example of an operation gestalt, as shown in drawing 4 (a), after forming an 
insulator layer thin as the 1st layer 64 on the Si substrate 62 first, one by one, the 2nd 
layer (insulator layer) 66, the 3rd layer (metal membrane) 68, and the 4th layer 
(insulator layer) 70 are formed, and a laminated structure is formed. 
The resist film is applied on the 4th layer 70, photolithography processing is performed, 
and the resist mask 72 is formed. 

Then, the 4th layer 70, the 3rd layer 68, and the 2nd layer 64 are etched by the dry 
etching method from on the resist mask 72, and as shown in drawing 4 (b), the electrode 
structure 74 of the detailed pattern which consists of the 3rd layer (metal membrane) 68 
is formed on the 1st layer 64 of the Si substrate 62. 
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[0052] 

By the way, since the etch residue and the heavy-metal-contamination object have 
adhered to the side attachment wall of the 2nd layer 64 and the 3rd layer 68 as shown in 
drawing 4 (b), it is necessary to remove. 

Although the residue of an organic component like resist material is removable at a 
resist removal process, a heavy^netal-contamination object is unremovable. Then, 
although it is necessary to wash and remove a heavy^netal-contamination object apart 
from a resist removal process, in washing by the usual penetrant remover, the aspect 
ratio of a pattern is large and the pattern of the electrode structure 74 collapses. 
Then, without collapsing a detailed pattern by using washing / dryer 10, adding an 
organic acid or a chelating agent as a washing assistant to supercritical fluid, for 
example, a supercritical carbon dioxide, like the example 1 of an operation gestalt, and 
carrying out washing processing of the electrode structure 74, as shown in drawing 4 (c), 
the detailed electrode structure 74 which removed the heavy-metal-contamination object 
can be formed. 
[0053] 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 11 It is the flow sheet which shows the configuration of washing/dryer used in 
case the approach of the example 1 of an operation gestalt is enforced. 
fDrawing 21 Drawing 2 is a bar graph which shows the result of having carried out 
counting of the number of the heavy-metal contaminations before and behind washing 
of the washed body in the example 1 of an experiment, and the example of a 
comparison (particle). 

[Drawing 3] The wave number (cm-1) of an infrared absorption spectrum is taken along 
a horizontal axis, an absorbance (arbitration graduation) is taken along an axis of 
ordinate, and the graph which shows the relation between the wave number (cm-1) of 
the infrared absorption spectrum before washing and after washing and an absorbance to 
an upper case and the lower berth, respectively is shown. 

fDrawing 4] It is the sectional view of each process at the time of (c) forming electrode 
structure from drawing 4 (a), respectively. 

[Drawing 5] It is a sectional view explaining each process at the time of the porosity 
low dielectric constant film being used for (c) from drawing 5 (a), respectively, and 
forming metal wiring and a metal plug according to a single DAMASHIN process. 
rDrawing 61 It is a sectional view explaining each process at the time of the porosity 
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low dielectric constant film being used for (c) from drawing 6 (a), respectively, and a 
dual DAMASHIN process explaining metal wiring and a metal plug. 
[Description of Notations] 

10 [ .. Chamber, ] .... Washing/dryer, 12 .. Opening, 14 .. A processing room, 16 18 [ .. 
Polar^olvents source of supply, ] .... A lid, 20 .. A fluid source of supply, 22 .. A 
washing assistant source of supply, 24 26 .... An O ring, 28 .. A bolting implement, 30 .. 
Washed body maintenance cassette, 32 .... A pressure and a temperature control means, 
34 .. A cross valve, 36 .. Fluid supply port, 38 .... A washing assistant supply means, 40 .. 
A closing motion valve, 42 .. Supply line, 44 [ .. Fluid discharge port, ] .... A 
polar-solvents supply means, 46 .. A closing motion valve, 48 .. A feed hopper, 50 52 [ .. 
Temperature controller, ] .... An exhaust-gas-pressure valve, 54 .. An effluent liquor 
decollator, 56 .. A heating means, 58 62 .... Si substrate, 64 .. The 1st layer (thin 
insulator layer), 66 .. The 2nd layer (insulator layer), 68 .... The 3rd layer (metal 
membrane), 70 .. The 4th layer (insulator layer), 72 .. Resist mask, 74 .... Electrode 
structure, 76 .. The substrate film, 78 .. Etching mask layer, 80 .... The porosity low 
dielectric constant film, 82 .. A contact hole, 84 .. Wiring gutter, 86 [ .. Embedding 
wiring, ] .... A reaction prevention layer, 88 .. A metal membrane, 90 .. A metal plug, 92 
93 .... A heavy-metal-contamination object, 94 .. The substrate film, 96 .. The 1st 
porosity low dielectric constant film, 98 .... The 1st etching mask layer, 100 .. The 2nd 
porosity low dielectric constant film, 102 [ .. A reaction prevention layer, 112 / .. 114 A 
metal membrane, 116 / .. A metal plug, 118 / .. Embedding wiring, 120 / .. 
Heavy-metal^ontamination object ] .... 104 The 2nd etching mask layer, 106 .. A contact 
hole, 108 ..A wiring gutter, 110 
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